
B. Temperatures prior to PMP storm 

(1) From A (7) find the temperature for the first 6-hour 
period of the storm in sequence. 

(2) Read the difference between the temperature at the 
storm beginning and the temperature at each 6-hour 
duration prior to storm from Figure 15.13. 

(3) Add the differences detem1ined in B (2) to the first 6-
hour temperature to determine the temperatures for 
each antecedent 6-hour period. 

C. Dew points prior to PMP storm 

(1) From the dew point curve of Figure 15.13, determine 
the differences between the first period dew point and 
the dew point for each duration prior to storm. 

(2) Subtract the differences from the temperature (dew 
point) determined in B (1). 

D. Winds during PMP storm 

(1) To use the figures pertaining to wind relationships, 
transform the basin average elevation to pressure by 
the pressure-height relation shown in Figure 15.33. 

(2) a. West of the Cascade Divide Basin. Determine the 
January maximum free-air wind at basin pressure 
from Figure 15.14. 

b. East of the Cascade Divide Basin. Determine the 
January maximum surface wind at basin pressure 
from dashed curve on Figure 15.17. 

(3) Figure 15.15 shows the adopted seasonal variation of 
maximum wind expressed in percent of the mid
January value. These percent ratios apply either east 
or west of the Cascades. 

( 4) Multiply windspeed of D (2) by ratio for the desired 
month from D (3). 

(5) Obtain durational wind factors given in Figure 15.16. 
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(6) Multiply the maximum 6-hour windspeed of D (4) by 
the D (5) ratios to obtain all 6-hour speeds for the 3-
day storm. For west of the Cascade Divide Basins, 
multiply these by 0.75 to obtain anemometer-level 
winds. 

(7) Arrange 6-hour winds to conform to the selected PMP 
storm sequence. 

E. Winds prior to PMP storm 

The least of the twelve windspeeds calculated in D (6) may be 
maintained for the 72-hour period prior to the PMP storm. 
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Figure 15.28.--12-hour maximum persisting 1000-mb dew point analysis 
(°F), November. 
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15.3 Example of General-Storm PMP Computation 

AB an example of the application of the simple stepwise procedure outlined 
above, the White River basin above Mud Mountain Dam in Washington State has 
been chosen. This basin (402-mi2

) was one of the 47 identified in Chapter 12. The 
White River basin lies directly north and northeast of Mount Rainier (14,411 feet), 
the tallest peak in the Cascades. This peak is permanently snow covered above 
about 10,000 feet, and therefore, poses some interesting questions. 

Because of the permanent snow cover, the high elevation portions of the basin 
would not be expected to contribute to runoff in a PMP storm, so a decision needs 
to be made as to the elevation limit of contributing runoff. The elevation of snow 
cover varies seasonally. For this example, the all season snow line has not been 
considered here. This choice is to be made by the hydrologist. 

1. Drainage outline 

The outline for the White River drainage above Mud Mountain Darn (402-mi2
) 

is shown in Figure 15.34a, at 1:1,000,000 scale. Elevation contours for this 
same drainage are presented in Figure 15.34b for comparison. 

2. User decision 

We will limit this example to all-season PMP. From Figure 15.3, it can be 
seen that all season PMP occurs from November through February. 

3. All-season index PMP estimate 

Figure 15.34c shows the drainage outline relative to the 10-mi2
, 24-hour index 

PMP field from Chart 1 (from attached folder to this report). Note the 
sheltering influence provided by Mount Rainier relative to the moisture 
bearing southwesterly inflows. A uniform grid was developed for this drainage 
that resulted in 43 grid points within the drainage. Reading index values at 
these points and averaging gave a drainage averaged 10-mi2

, 24-hour value of 
18.16 inches. 

4. Not applicable in this example 
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5. Depth-duration 

Using Chart 1, the White River drainage falls completely within subregion 4, 
orographic terrain west of the Cascades. Table 15.1 gives the following 
durational estimates as a ratio of 24-hour amount. 

Duration (hours) 

Ratio to 24 hours 
(from Table 15.1) 

Depth (inches) 
(Step 3 x ratios) 

6. Areal reduction factors 

1 

0.10 

1.82 

6 24 48 72 

0.40 1.00 1.49 1.77 

7.26 18.16 27.06 32.14 

From Figure 15.10 for orographic depth-areal relations at 402-mi2
, we read the 

following areal reduction percentages by which to multiply the corresponding 
depths from step 5: 

Duration (hours) 

Areal reduction(%) 
(from Figure 15.10) 

Depth (inches) 
(Step 5 x percentages) 

1 

76.7 

1.40 

6 24 48 72 

82.0 84.3 85.2 86.3 

5.95 15.31 23.06 27.74 

These results are plotted in Figure 15.35 and fitted by a smooth curve that 
represents the drainage averaged all-season PMP for this example. 
Comparison of these results with those computed for December by 
Reclamation in Table 12.1 shows differences of about one percent. It is to be 
expected that different analysts will get slightly different basin average depths 
when using the index charts, but the differences should be negligible. 

Nate that in the event that answers were needed for April, as an example, 
reference should be made to Figure 15.5. A weighted average adjustment 
factor of 0.68 is estimated for this drainage and would be applied to the 
18.16-inch drainage average estimate to get 12.35 inches in step 4. This 
reduced value would then be used to complete steps 5 and 6. 
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Figure a. Mud Mountain 
drainage; dam and White 
River tributaries. 

" )" 

Figure b. Elevation contours 
in thousands of feet. 

Figure c. 10 mile sq. 24hr 
PMP from index map on 
Mud Mt. drainage. 

Figure 15.34.-·Application of PMP to drainage for Mud Mountain, 
Washington (402-mi2

). Scale 1:1,000,000. 
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7. Incremental estimates 

8. 

The smooth curve in Figure 15.35 is used to read off estimates at 6-hour 
intervals as follows: 

Duration (hours) 

6 12 18 24 30 36 42 48 54 60 66 72 
PMP (inches) 5.75 9.45 12.50 15.30 17.70 19.75 21.50 23.00 24.35 25.55 26.65 27.75 

To obtain 6-hour increments, subtract each durational amount from the 
next longer amount (e.g., 6 hours from 12 hours, 12 hours from 18 hours, 
etc.), to get: 

6-hour 
intervnls 2 3 4 5 6 7 8 9 10 l1 12 

PMP 
increment (inches) 5.75 3.70 3.05 2.80 2.40 2.05 1.75 1.50 1.35 1.20 1.10 I 10 

Temporal distribution 

Rank the results from step 7 from high to low in a sequence following the 
guidelines given for temporal distribution in step 8. The hydrologically 
most critical sequence for a drainage requires information from the user. 
However, an example of a sequence that may be critical using results from 
step 7 above is: 

6-hour 
intervnls 

PMP 

2 3 4 5 6 7 8 9 10 II 12 

increment (inches) 1.75 2.40 2.05 1.50 2.80 3.70 5.75 3.05 1.35 1.20 1.10 I 10 

9. Areal distribution of general storm PMP 

This step is left to the user because of individual practices applied by 
various agencies. 

10. Temperature and wind for snowmelt 

This step is left to the user. Guidance to the stepwise procedure 
recommended in HMR 43 is given in Appendix 5 of this report. 
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Figure 15.35.--Depth-duration curve for basin-averaged P:MP for Mud 
Mountain dam basin (402-mi2

), Washington. 

15.4 Local Stonn Procedure 

The background for the various figures and tables used in this procedure are 
discussed in detail in Chapter 11. 

1. 1-hour, l-mi2 P:MP for elevations at or below 6,000 feet 

Locate the basin on Figure 15.36 and determine the basin average 1-hour, 
1-mi2 local storm index PMP. Linear interpolation is assumed to apply. 

2. Adjustment for mean drainage elevation 

Determine the mean elevation of the drainage in question. No adjustment is 
necessary for elevations of 6,000 feet or less. If the mean elevation is greater 
than 6,000 feet, reduce the index PMP from Step 1 by 9 percent for every 
1,000 feet above the 6,000-foot level. Figure 15.37 can also be used to 
graphically determine this value. 

An example of the elevation adjustment is as follows: Take a basin with a 
mean elevation of 8, 700 feet, (2, 700 feet above 6,000 feet). The reduction 
factor would be 24.3 percent (or 2.7 X .09 in this case), yielding an elevation-
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adjusted index PMP of 76 percent (rounded) of full PMP at 6,000 feet. Had 
Figure 15.37 been used, a value of about 76 percent is read off the line labeled 
pseudoadiahat for an elevation of 8700 feet. 

3. Adjustment for duration 

1-mi2 local storm PMP estimates for durations less than one hour and up to 6 
hours are obtained from Figure 15.38, as a percentage of the 1 hour amount 
from step 2. Amounts for certain specific durations are also specified in the 
table contained in this figure. 

4. Adjustment for basin area 

Determine the basin area in square miles. Figure 15.39 shows the depth-area 
relationship, which gives the areal reduction in PMP to 500-mi2

• The 
percentage reductions at 114, 1/2, 3/4, 1, 3, and 6-hours for the area of the basin 
from the figure are to be multiplied by the respective results from step 3, and a 
smooth curve drawn for the plotted values in order to obtain estimates for 
durations not specified. 

5. Temporal distribution 

Review of local storm temporal distributions for this region show that most 
storms have durations less than 6 hours and that the greatest 1-hour amount 
occurs in the first hour. The recommended sequence of hourly increments is as 
follows: arrange the hourly increments from largest to smallest as directly 
obtained by successive subtraction of values and read from the smooth depth
duration curve. 

6. Areal distribution for local-storm PMP 

The elliptical pattern in Figure 15.40, along with the tabulated percentages in 
Table 15.2, are to be used in deriving the areal distribution of local storm PMP. 
In the event of choosing this option, steps 3 and 4 can be ignored and the 
results from step 2 (or 1, if no elevation adjustment is made) are multiplied by 
each of the percentage factors in Table 15.2. The products represent the 
labeled isohyets of the idealized pattern placed over the specific drainage. The 
example in 15.4 should clarify this application. 

Once the labels have been determined for each application, the pattern can be 
moved to different placements on the basin. In most instances, the greatest 
volume of PMP will be obtained when the pattern is centered in the drainage. 
However, peak flows may actually occur with placements closer to the drainage 
outlet. Regardless of where the storm is centered, it should be remembered 
that the results from step 4 give "PMP for the basin" regardless of the spatial 
distribution. 
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Table 15.2--PMP Profile Values (accumulative% of 1-hour, 1·mi2 amount). 

Duration (hours) 

Isohyet 114 112 3/4 1 2 3 4 5 6 

A 50.0 74.0 90.0 100.0 110.0 112.0 114.0 114.5 115.0 

B 32.0 53.0 67.0 74.8 83.5 85.5 87.5 88.0 88.5 

c 22.0 37.5 48.0 56.0 63.0 65.0 66.0 66.5 67.0 

D 17.0 28.5 38.0 43.0 48.0 49.5 50.5 51.0 51.5 

E 12.0 21.0 28.0 32.2 37.0 38.0 38.5 39.0 39.5 

F 7.5 14.0 19.0 22.4 25.0 25.7 26.2 26.7 27.2 

G 5.0 8.5 12.0 14.0 16.2 16.7 17.2 17.7 18.2 

H 2.0 3.5 5.0 6.5 8.3 8.8 9.3 9.8 10.3 

I 0.4 0.7 1.0 1.2 2.2 2.7 3.2 3.7 4.2 

J 0.2 0.3 0.4 0.5 1.0 1.5 2.0 2.5 3.0 

15.5 Example of Local-Storm PMP Computation 

If the White River basin above Mud Mountain Dam (402-mi2
) is again chosen, 

this time to determine the local storm PMP, follow the steps outlined in 
Section 15.4. 

1. The basin outline is placed on Figure 15.36 and the basin average 1-me, 
1-hour PMP is read as 6.35 inches. 

2. The average drainage elevation is below 6,000 feet although higher 
elevations occur near the border of the basin. No adjustment is needed for 
this basin. 

3. Durational 1-mi2 values are obtained from Figure 15.38 as follows: 

(%) 
PMP (inches) 

114 
50 

3.18 

1/2 
74 

4.70 

Duration (hours) 

3/4 
90 

5.72 

1 
100 
6.35 

2 
110 
6.99 

3 
112 
7.11 

4 
114 

7.24 

5 
114.5 
7.27 

6 
115 
7.30 

4. The areal reduction factors are obtained from Figure 15.39 for 402-me to give 
basin average PMP at the durations indicated. Multiply the respective factor 
times the results of step 3. 
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Factor(%) 
PMP (inches) 

1/4 
16.0 
0.51 

Duration (hours) 

112 
19.0 
0.89 

3/4 
21.0 
1.20 

1 
22.0 
1.40 

3 
23.0 
1.64 

6 
24.0 
1.75 

The areally reduced PMP in step 4 needs to be plotted on a depth-duration 
diagram and a smooth curve drawn in order to determine PMP for any other 
intermediate duration. 

5. The temporal distribution is given by plotting the results of step 4, such as 
shown in Figure 15.41 and reading off smoothed hourly values. Note that the 
smoothed values may differ slightly from the calculated values. 

Hourly 
intervals 

PMP (inches) 
Increments (inches) 

1 

1.38 
1.38 

2 

1.55 
0.17 

3 

1.64 
0.09 

4 

1.70 
0.06 

5 

1.73 
0.03 

6 

1.75 
0.02 

These increments are arranged in the recommended sequence for front-loaded 
local-storm PMP. It is also possible that the storm could be mid-loaded. See 
Chapter 11 for more details about possible temporal distributions for local 
storms. 

-"' "' .= 

" c -
Q. 
:;: 
Q. 

2.50 

2.00 

1.50 

1.00 

0.50 

0 
0 

/ 
I 

I 
I 

Mud MI. Dam, WA (402 mi:) 

1 2 3 4 5 6 

Duration (hours) 

Figure 15.41.-·Temporal distribution relation for Mud Mountain Dam. 
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6. In the event the areal distribution provided by the idealized elliptical pattern 
in Figure 15.40 is needed, the isohyet labels (A, B, .... ) are determined by 
reference to Table 15.2. In this example, the step 1 result of 6.35 inches is 
multiplied by each of the percentages in Table 15.2 to get the label values in 
inches in Table 15.3. 

Table 15.3.··1sohyetallabel values for local-storm PMP, White 
River, Washington (402-mi2

). 

Isohyet Duration (hours) 
(mi') 1/4 1/2 3/4 1 2 3 4 5 6 

A (1) 3.18 4.70 5.72 6.35 6.99 7.11 7.24 7.27 7.30 

B (5) 2.03 3.37 4.25 4.75 5.30 5.43 5.56 5.59 5.62 

c (25) 1.40 2.38 3.05 3.56 4.00 4.13 4.19 4.22 4.25 

D (55) 1.08 1.81 2.41 2.73 3.05 3.14 3.21 3.24 3.27 

E (95) 0.76 1.33 1.78 2.04 2.35 2.41 2.44 2.48 2.51 

F (150) 0.48 0.89 1.21 1.42 1.59 1.63 1.66 1.70 1.73 

G (220) 0.32 0.54 0.76 0.89 1.03 1.06 1.09 1.12 1.16 

H (300) 0.13 0.22 0.32 0.41 0.53 0.56 0.59 0.62 0.65 

I (385) 0.03 0.04 0.06 0.08 0.14 0.17 0.20 0.23 0.27 

J (500) 0.01 0.02 0.03 0.03 0.06 0.10 0.13 0.16 0.19 

The isohyet label values given in Table 15.3 are to be applied to the isohyetal 
pattern shown in Figure 15.40 for each duration. The pattern may be placed over 
the drainage to maximize the precipitation volume into the drainage or positioned 
to obtain a maximized peak runoff. 

It is apparent that the general storm at about 6 inches (for 6 hours) is 
dominant for this drainage, when compared to the local storm PMP estimate of 
1. 75 inches. It is believed that this dominance is typical for large orographic 
basins west of the Cascade Mountain ridgeline. Note that these results are also in 
agreement with those given in Chapter 12 for basin comparisons. 
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APPENDIX! 

MASTER STORM LIST 

Table Al comprises the master listing of general-type storms compiled at the 
onset of this study to revise PMP for the Pacific Northwest. The list was derived 
from storms that had been listed by the Corps of Engineers, National Weather 
Service or the Bureau of Reclamation. They cover a period of record between 1901 
and 1975. A check was made in the daily precipitation files of Climatological Data 
and in Storm Data published reports for storms since 1975, but none were found 
of a magnitude sufficient for inclusion in this study. The master storm list' is 
organized as follows: 

Column 1. 
2. 
3. 
4. 
5. 
6. 

storm number 
date(s) of significant rainfall 
latitude 
longitude 
town identified with storm maximum 
reference source (Corps of Engineers index number, 
National Weather Service (NWS), Bureau of Reclamation 
(USBR) 

The Corps of Engineers (COE) index numbers are assigned according to COE 
division: NP = North Pacific Division, etc. Storms are assigned index numbers to 
identify them in the event a storm study is done. A storm study normally 
concludes with the development of a matrix of depth-area-duration (DAD) data 
and a brief storm synoptic description. In the western United States, although a 
number of major storms were identified and assigned index numbers, few were 
officially completed. 

The list is dominated by storms in Washington, Oregon and Idaho, with the 
addition of a few storms that occurred in western Montana, northwestern 
Wyoming and the northern parts of Utah, Nevada and California. 

A secondary listing of 130 storms (Table A2) reported in northem Califomia 
(37' N - 42' N) has been assigned numbers exceeding 500. Only date and 
latitude/longitude is given to these storms and none were transposed into the 
region of this study. 
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Table AI. Master Storm File for the Northwest Region 

Storm Nearest Ret 
Number Date Latitude Longitude Town Source 

1 111-3/01 42"03 12~6 Siskiyou, OR USSR 
2 7/2-4/02 48"21 116°50 Priest River, ID NP 1-26 
3 1/20-24/03 42"1 0 123"39 Buckhorn Farm, OR NP3-2 
4 6/14/03 45"19 119"24 Heppner, OR USBRINWS 
5 5/26-30/06 45"50 118"25 Nr. Weston, OR NP 4-1 
6 11111-16/06 45"20 123"50 Glenora, OR NP 1-1 
7 1/28-2/5107 42"26 124"25 Gold Beach, OR NP 3-3 
8 2/1-5107 41"28 115"25 Charleston, NV NWS-CS 
9 10/13-14/08 48°12 115"41 Snowshoe, MT NP 2-19 

10 11/1-4/09 45"20 123"50 Glenora, OR NWS 
11 11/2-5109 48"12 115"41 Snowshoe, MT NWS 
12 11/18-19/09 48"12 115"41 Snowshoe, MT NP2-18 
13 11117-22/09 45"20 123"50 Glenora, OR NP 1-2 
14 11118-23/09 43°37 115"44 Rattlesnake Ck, ID NP 4-6 
15 11126-12/1109 47"28 123"51 Quinault, WA NP 1-3 
16 2/25-3/211 0 45"20 123°50 Glenora, OR NP 3A-5 
17 1116-19/11 44"07 123"44 Greenleaf, OR NP 1-17 
18 5115111 43"02 116°44 Silver City, 10 NWS-CS 
19 10110-11111 45"46 113"28 Bowen, MT USSR 
20 11/16-20/11 47"28 123"51 Quinault, WA NP 1-5 
21 11/16-20/11 47"25 121°44 Snoqualmie Pass, WA NP 1-5 
22 115-8112 44"41 122"07 Hoover, OR USSR 
23 7130-31/12 43"32 116"04 Boise, 10 NP 4-15 
24 7/23-26/13 43"38 116"41 Caldwell, ID NWS-CS 
25 7/23-26/13 42"44 112"29 Pocatello, 10 NWS-CS 
26 7/23-26/13 44"30 111"44 Yellowstone Pk, ID NWS-CS 
27 10/24/13 44"21 117"16 Huntington, OR USSR 
28 3/29-413115 47"29 123"16 Lk. Cushman, WA NP 1-18 
29 6/19-22116 47"38 112"42 Sun River Can., MT NP 1-27 
30 2123-25/17 43"28 114"48 Soldier Creek, ID NWS 
31 12111-15117 47"25 121"44 Cedar Lake, WA NP 1-6 
32 12/16-19/17 45"48 121°56 Wind River, WA NP 1-7 
33 12/16-20117 47"28 115°55 Wallace, ID NP 4-17 
34 2128-3/3/19 44"15 115"55 Sheep Hill, ID NWS-CS 
35 8/28-29/20 47"25 121"25 Snoqualmie Pass, WA USSR 
36 9/11-14/20 47"25 121"25 Snoqualmie Pass, WA USSR 
37 11!18-22/21 44"24 115"59 Alpha, ID NP 4-7 
38 11118-22121 45"48 121"56 Wind River, WA NP 3-6 
39 1218-13/21A 47"57 124"22 Forks, WA NP 1-10 
40 1218-13121 S 48°05 121"35 Silverton, WA NP 1-10 
41 114-7123 43"18 115"03 Hill City, 10 NP 4-14 
42 114-8123 45"40 121"54 Cascade Locks, OR NP 3-7 
43 1/6-8/24 47"57 124"22 Forks, WA NP 2-21 
44 2/10-12/24 47"57 124"22 Forks, WA NP 1-19 
45 6!7124 48"56 113"21 Babb, MT NP 2-21 
46 10127-30/24 45"05 116"42 Cuprum, ID NP 4·13 
47 10128-1112124 42"55 124"26 Willow Ck., OR NP 3-8 
48 2/16-21127 43"28 114°48 Soldier Ck., ID NP 4-8 
49 2117-21/27 44"21 117"16 Huntington, OR USBR 
50 2117·21/27 44"12 115"58 Pyle Ck., ID USSR 
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Table Al. Continued 

Storm Nearest Ref. 
Number Date Latitude Longitude Town Source 

51 2/18-22127 45"23 121"42 Bull Run Lake, OR NP3-9 
52 9/10-14/27 46"01 118"07 Mill Creek, WA NP4-2 
53 11/6-10/27 44"00 115"50 Grimes Pass, ID NP4-9 
54 11124-29/27 46"07 117°56 Touchet Ridge, WA NP4-3 
55 11/12-17/30 47"21 115"40 Roland, ID NWS 
56 11/12-17/30 41"28 115"25 Charleston, NV USSR 
57 3128-4/1/31 44°51 123"40 Valsetz, OR NWS 
58 3130-412/31A 46"09 115"36 Pete King RS, ID NP 3-10 
59 3130-412131 B 46"01 118"07 Mill Creek, WA NP 4-4 
60 12116-19/318 48°04 121"31 Big Four, WA NP 4-4 
61 12116-19/31A 47"20 1230S9 Wynoochee Oxbow, WA NP 2-16 
62 12123-29131 44"19 1150S8 Deadwood, ID NP 2-16 
63 2/23-27/328 47"25 121"25 Snoqualmie Pass, WA USBR 
64 2123-27/32A 47"26 123"51 Quinault, WA NP 1-12 
65 3115-19132 44"09 111"03 Bechler River, WY NP 1-12 
66 3116-19/32 42"03 124"17 Brookings, OR Rl 1-29A 
67 3116-20132 46"09 115"36 Pete King RS, ID NP3-11 
66 11111-16/32 47"25 121°25 Snoqualmie Pass, WA NP 4-12 
69 6/8-9133 42°03 124"17 Brookings, OR NP 1-13 
70 1215-12133 47"20 123"39 Wynoochee, WA NP 3-12 
71 1216-12133 47"21 115°40 Roland, 10 NP 3A-3 
72 12117-22133 45"29 123"51 Tillamook, OR NP 2-8 
73 12117-19/33 47"21 115"40 Roland, ID NP 3-13 
74 12118-23133 45"48 121"56 Wind River, WA NP 2-9 
75 1211 8-23133 47"21 115"40 Roland, ID NP 1-20 
76 12121-26133 47"26 115"56 Wallace, ID NP 2-22 
77 12121-26/33 46"07 117"56 Touchet Ridge, WA NP4-5 
7B 10/21-26134 46"04 122"17 Nr. Cougar, WA NP4-5 
79 11/2-7/34 46"04 122"17 Nr. Cougar, WA NP 1-14 
60 1120-25135 47"28 123"51 Quinault, WA NP 1-15 
B1 1121-24/35 47"21 115"40 Roland, ID NP 1-21 
62 3124-26/35 47°23 115"24 Haugan, MT NP 2-11 
63 4n-9/35 44"03 114"28 Baker Ranch, ID NP 2-12 
64 1/10-15136 42"44 124"30 Port Orford, OR USSR 
B5 2111-14/36 43"48 115"08 Atlanta, ID NP 3-14 

" 10/26-28/37 48"52 121"41 Mt. Baker Lodge, WA NP4-11 
B7 1219-12137 44"01 115"50 Grimes Pass, ID NP 1-22 

" 12/25-30/37 44"51 123"40 Valsetz, OR NP 4-10 
89 12128-30/37 48"04 121"31 Big Four, WA NP 3-16 
90 6/22138 44°30 119°45 Birch Creek, OR NP3-16 
91 12/13-17/39 47"20 1230S8 Wynoochee, WA NWS 
92 3125-4/1/40 44"44 116"26 Council, ID NP 1-23 
93 11112-17/41 48"04 121"31 Big Four, WA NWS-CS 
94 11112-17/41 46"38 115"30 Bungalow AS, ID R1, 1-20 
95 1211-4/41 43"48 115"08 Atlanta, ID R1, 1-20 

" 12114-20/41 44"19 115°38 Deadwood, ID NWS-CS 
97 10/30-11/4/42 47"25 121°44 Cedar Lake, WA Rt, 2-2A 
98 . At, 1-22 
99 12/26/42-112143 42"39 124"04 lllahe, OR NP 3A-6 

100 12/27/42-112/43 43"43 116"00 Sheep Hill, ID R1, 2-3 

*Eliminated 
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Table Al. Continued 

Storm Nearest Ref. 
Number Date Latitude Longitude Town Source 

101 1/19-23/43 44"19 115"35 Deadwood, ID R1, 1-23A 
102 1/20-23143 43"45 114"00 Hyndman Park, ID NWS-USBR 
103 618/43 42"02 123"18 Copper, OR USBR 
104 6110-13/43 41°52 115°26 Jarbridge, NV USBR 
105 617-12144 43"40 113"35 Nr. Grouse, ID R1, 1-24 
106 6126-27/44 44"14 112"14 Dubois, ID USBR 
107 6/3-10/45 44"21 112"11 Spencer, ID R1, 2-5A 
108 12125-27/45 46"00 118"03 Walla Walla, WA R1, 1-25 
109 12126-30/45 41"52 123"58 Gasquet. CA NP 3A-7 
110 10/1-2146 43°48 115°08 Atlanta, ID USBR 
111 11/17-20/46 44"19 115"38 Deadwood, ID NWS-USBR 
112 11118-20/46 43"31 114"21 Sun Valley, ID R1, 1-26 
113 12/8-15146 46"03 112"12 Peterson's Ranch, WA USBR 
114 618-12147 40"44 111"55 Terminal, UT R4, 1-30 
115 9/16-18/47 44°05 115"37 Lowman, ID NWS-CS 
116 9/16-18/47 41"52 112"28 Blue Creek, UT USBR 
117 9/25-27/47 46"25 117"01 Lewiston, lD USBR 
118 10/15-16147 44"19 115"35 Deadwood, 10 R1, 1-28 
119 1/1-7/48 42"39 124"03 lllahe, OR USBR 
120 1/1-8/48 47"30 116°00 Mullen, 10 NWS-CS 
121 6110-13/48 47"39 120°04 Waterville, WA USBR 
122 5/12-17/48 47"49 124°04 Spruce, WA USBR 
123 2113-18/49 47"49 124°04 Spruce, WA USBR 
124 8/22149 43"34 116"43 Moose Creek, lD USBR 
125 6117/50 46"28 117"35 Nr. Pomeroy, WA USBR 
126 10/26-29/50 42"12 123°37 Kerby, OR NWS 
127 217-12151 47"28 123"51 Quinault, WA NWS-USBR 
128 8/10/52 46"34 120"25 Moxee City, WA USBR 
129 1/15-20/53 42"39 124"04 lllahe 1 W, OR USBR 
130 11/21-23/53 42"12 123"17 Williams 1 SW, OR USBR 
131 6115154 44°46 117°10 Richland, OR NWS 
132 10/25/55 47"28 123"51 Quinault. WA NWS 
133 11/3-4/55 47'28 123"51 Quinault, WA NWS 
134 12118-21/55 42"44 124"30 Port Orford, OR NWS 
135 12125-27/55 44"53 122"39 Silver Ck. Falls, OR NWS 
136 12125-27/55 42"26 124"25 Gold Beech, OR NWS 
137 1/1-6156 44"51 123"40 Valsetz, OR NWS 
138 7/13/56 44"40 120"10 Girds Creek, OR NWS 
139 7/13/56 44"35 120"11 Mitchell, OR NWS 
140 7121/56 43°19 114"43 Simon Ranch, ID NWS 
141 1218-10/56 47"48 124"04 Spruce, WA NWS-USBR 
142 2123-26157 47"25 123"13 Cushman Dam, WA NWS-USBR 
143 9/30-1 0/3/57 45"49 119"17 Hermiston 2 S, OR NWS-USBR 
144 11/17-24/59 46°47 121"44 Mt. Rainier, WA NWS-USBR 
145 11/19-23/59 47'22 123"36 Gamp Grisda\e, WA COE 
146 12/14-16/59 47"27 123"53 Amanda Parle:, WA NWS 
147 12114-15159 47°44 121"25 Grotto, WA NWS-COE 
148 219-12161 44"50 123"40 Valsetz, OR NWS 
149 11120-24/61 42"38 124"03 lllahe, OR NWS-USBR 
150 6/19/62 43"13 116"34 Nr. Murphy, ID NWS-USBR 
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Table AI. Continued 

Stonn Nearest Ref. 
Number Date Latitude Longitude Town Source 

151 11/18-21/62 47"27 123"53 Amanda Park, WA NWS-USBR 
152 1211-3162 44'44 122"15 Detroit Dam, OR NWS-USBR 
153 1/29-213163 43"50 115"50 Idaho City, ID NWS 
154 213-7/63 46"03 118"24 Walla Walla, WA NWS 
155 6/6-8/64 48"19 113°21 Summit, MT COE-USBR 
156 12119-24/64 42'39 124"04 !Uahe, OR USSR 
157 12120-25/64 44"19 115"38 Deadwood Dam, ID NWS-USBR 
158 1/23-30/65 44"51 123"40 Valsetz, OR NWS-USBR 
159 12127-30/65 42"38 124"03 lllahe, OR NWS-USBR 
160 6/6-15/67 47"04 112"22 Rodgers Pass, MT NWS-USBR 
161 8120168 43"52 117"00 Nyssa, OR NWS 
162 6/8-9/69 44"40 121"09 Machas, OR NWS 
163 6/9/69 44"28 118"44 Prairie City, OR NWS-USBR 
164 5/25171 45"20 119"24 Heppner, OR USSR 
165 1111-1Bn4 44"51 123"40 Valsetz, OR NWS 
166 1/11-18/74 47"22 123°00 Hoodsport, WA NWS 
167 1112-19/74 42"45 124"30 Port Or1ord 5 E, OR NWS 
168 1113-16n4 47'30 116000 Mullen, ID NWS 
169 12/19-22174 44"51 123"40 Valsetz, OR NWS 
170 1123-26175 45"18 121"51 Gov't. Camp, OR NWS-USBR 
171 . 
172 1211-7175 47"28 123"51 Quinault, WA NWS-USBR 
173 2113-15179 47"30 115"53 Wallace, ID 
174 12113-16/79 47"57 124°22 Forks, WA 
175 12/24-27/80 44"51 123"40 Valsetz, OR 
176 11130-12/4175 47"44 121"05 Stevens Pass, WA 
177 11/30-1214175 47"16 123"42 Aberdeen 20 NNE, WA 
176 11130-1214/75 45"49 123"46 Nehalem 9 NE, OR 

"Eliminated 
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Table A2. Important storms located south of the Northwest Study region. 

Storm Storm 
Number Date Latitude longitude Number Date latitude longitude 

501 12119-20/1866 37"46 122"28 551 5111-14/1941 39°30 121°00 
502 11/2211874 38"31 123"15 552 9/18-2311941 37"41 108"02 
503 4/20/1880 38"35 121"30 553 11/15-19/1942 39"00 120"30 
504 1/30/1888 40"15 124"11 554 1/19-24/1943 3r35 119"25 
505 8/1111890 3r27 117"42 555 1/20-24/1943 38"49 106"37 
506 10/10-15/1899 39"23 108"06 556 1/21-23/1943 3r36 115°14 
507 211211904 37"57 122"33 557 5/4-9/1943 40"21 106"55 
508 1/12-19/1906 40°00 122"00 558 5/31-6/511943 40"36 111"35 
509 2/1-5/1907 41"40 115"25 559 6/1-3/1943 39"33 107"20 
510 3/15-27/1907 39°55 121"25 580 6/1 0-13/1943 41"40 115"25 
511 12/14-17/1908 37"30 108"30 561 1/30-2/3/1945 37"35 119°30 
512 1/11-16/1909 39"00 120"25 562 8/17-19/1945 37"37 114"30 
513 8/28-9/211909 39"30 110"50 563 12127/1945 37"54 112"34 
514 9/3-7/1909 3r34 107"48 564 10/27-29/1946 3r25 114"07 
515 1/23-31/1911 39"55 121"25 565 5/9-14/1947 40"45 109"40 
516 5/1811911 39"41 120"59 566 6/4-5/1947 40"30 121"15 
517 10/4-6/1911 37"53 107"39 567 6/8-1211947 41"09 111"55 
518 3/19-21/1912 39°01 1 07"31 568 11115-2111950 39"10 120"30 
519 8/4/1913 39"34 111"39 569 11/20/1950 41"22 124"01 
520 12/3-6/1913 40"06 105"50 570 7/19/1955 37"44 118"15 
521 12129/1913- 39"55 121"25 571 12121-23/1955 39"30 119"47 

1/311914 572 12/21-24/1955 39"36 121"06 
522 1/23-21211915 41"10 121"00 573 8/16/1958 41"03 111"38 
523 5/9/1915 40"23 112"12 574 9/1811959 40"36 122"23 
524 5/9-11/1915 39"45 121"15 575 10/11-13/1962 39"42 121"18 
525 1/1-4/1916 39"50 121"35 576 1/31-2/1/1963 40"19 111"34 
526 2/20-22/1917 37"35 119"35 577 12119-2311964 39"42 121"12 
527 314-9/1918 38"49 106"37 578 8/1/1968 37"49 109"23 
528 9/12/1918 3r08 121"55 579 8/27/1970 40"50 115"40 
529 9/13-14/1918 40"10 122"14 580 9/3-7/1970 37"38 109"04 
530 11118/1920 38"31 123"15 581 81711971 38"59 119"50 
531 4/14-15/1921 40"06 105"50 582 2/7-8/1909 40"39 111°30 
532 8/311924 37"12 108"29 583 1/24-31/1911 40"39 111"30 
533 4/5-6/1925 41"45 115"25 584 5/27-2811913 39"28 119"04 
534 6/26-29/1927 37"30 107°10 585 11/25-30/1919 37"29 1 07"1 0 
535 9/6-10/1927 37"33 107"49 586 3/25-26/1920 40"36 111"35 
536 3/22-2711928 40"00 122"00 587 8/25-27/1920 39"28 119"04 
537 10/11-14/1928 40"20 110"30 588 8/17-25/1921 37"08 107"38 
538 7/27-81711929 3r33 107"49 589 8/21-22/1921 37"29 107°10 
539 12/8-13/1929 41"05 122"10 590 9/15-19/1923 37"29 107°10 
540 11/12-17/1930 41"40 115"25 591 4/7-8/1935 38"35 121"30 
541 8/25-29/1932 37"49 107"40 592 7/8-13/1937 41"36 109"13 
542 2/1-311936 40"36 111"36 593 7116/1940 38"40 108"59 
543 2119-24/1936 40°36 111"36 594 6/24/1943 38"52 106"58 
544 12/9-12/1937 38"51 122"43 595 7/30/1945 40°46 111"54 
545 12/9-12/1937 37"35 119"30 596 8111-14/1943 37"29 107°10 
546 2/27-3/4/1938 37"36 115"14 597 8/1311946 40"06 108°48 
547 2/28-3/5/1938 37"24 112"30 598 6/11-12/1947 38"52 106"58 
548 6/20-23/1938 38"52 106"58 599 6/18/1949 41"14 112"02 
549 8/31-9/3/1938 38"49 106"37 BOO 11113-20/1950 39"19 120"38 
550 2/24-29/1940 39"55 121"25 601 10/12-15/1957 39"31 107"47 
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Table A2. Continued 

Storm Storm 
Number Date Latitude Longitude Number Date Latitude Longitude 

602 6/6/1958 39"07• 108"32 
603 7/13/1962 40"46 111"54 
604 10/8-15/1962 39"21 120"39 
605 1/29-2/2/1963 38"00 119"50 
606 7/18/1965 40"27 111"43 
607 7/30/1965 40"46 111"54 
608 8/21/1965 40"46 111"54 
609 9/5-6/1965 40"46 111"54 
610 9/1/1965 40"46 111"54 
611 817/1967 38"52 107"35 
612 9/5/1967 37"41 108"02 
613 1/8-27/1970 40"59 121"59 
614 6/21/1970 40"46 111"54 
615 9/5/1970 40"46 111"54 
616 7/19/1971 40°46 111"54 
617 8/28/1971 40"46 111"54 
618 6/31/1972 40"46 111"54 
619 1/15-19/1973 39"34 121"06 
620 5/25/1973 40"46 111"54 
621 7/13/1973 40"46 111"54 
622 7/19/1973 40"46 111"54 
623 3/25-4/2/197 4 40"43 122"25 
624 7/8-9/1974 39"19 120"38 
625 7/17/1974 40"46 111"54 
626 1017/1975 40"46 111"54 
627 7/15/1977 37"46 108"54 
628 8/1811977 41"44 111"49 
629 6/411978 39"34 107"20 
630 1/3-4/1982 37"45 122"30 
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APPENDIX2 

DEPTH-AREA-DURATION TABLES 
and 

SYNOPTIC DESCRIPTIONS 

This appendix contains depth-area-duration (DAD) tables computed by the 
ministorm procedure (see Chapter 5) for each of the United States storms listed in 
Table 2.1. These 28 storms were selected from the master storm listing given in 
Appendix 1 (Table All, and believed to be the most significant storms affecting the 
Northwest region, depending on magnitude, location and season of occurrence. 
Synoptic descriptions for some of the storms in Table 2.1 follow the DAD tables in 
this Appendix. 

Half of the 28 storms in this sample have multiple centers, and DAD results 
are given for both the "Entire Storm11 and for any additional centers. Latitude and 
longitude (in degrees/minutes) of the various centers have been annotated on the 
DAD printouts for convenience. It should be noted that the location of these 
centers, as well as those in Table 2.1, may be somewhat different from the 
positions shown for the same storms in Appendix 1 (Table A1). The locations 
shown on the DAD tables and in Table 2.1 were taken from the isopercental 
centers for each storm, while those in Appendix 1 (Table A1) represent the 
location of the observed rainfall maxima prior to the reanalysis of this study. It 
should also be noted that in rows where "0" square miles is the lowest area size 
shown (such as the entire storm 32 table), the actual area size being represented 
is some value ranging from a point to less than 1 square mile. 
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AREA 

(SQ. MI.) 

" 50 

'" 200 

500 

1000 

.2000 

5000 

10000 

18924 

1.20 

1.20 

'" 
'" 0.98 

0.85 

0.68 

0.43 

0.28 

0.18 

AREA 

(SQ. Ml) 

7 

" 50 

'" 200 

500 

1000 

.2000 

5000 

10000 

16378 

AREA 

(SQ. MI.) 

7 

" 50 

'" 200 

500 
1000 

2000 

5000 

10000 

17344 

6 

3.54 

3.54 

3.46 

3.28 

2.89 

2.49 

2.00 

1.29 

0.90 

069 

6 

0.47 .2.47 4.18 

0.47 .2.47 4.18 

0.47 2.47 4.18 

0.47 2.46 4.16 

0.43 2.27 3.84 

0.38 1.98 3.35 

0.31 L64 2.77 

0.25 1.18 1.99 

0.19 0.88 1.55 

0.14 0.68 1.22 

0.14 0.57 1.00 

6 " 0.55 1.47 2.20 

0.55 1.47 2.20 

0.53 1.42 2>3 
0.50 1.34 2.01 

0.45 1.23 '" 0.41 '" 1.56 

0.39 "' 1.39 

0.37 >02 1.22 

0.30 0.88 1.02 

0.22 0.74 0.64 

0.16 0.58 0.65 

" " " 5.60 6.91 7.34 

5.60 6.91 7.34 

5.50 679 7.21 

5.24 6.50 6.91 

4.69 5.92 6.29 

4.08 5.25 5.61 

3.32 4.34 4.68 

2.24 2.95 3.33 

1.63 2.13 2.51 

'" 1.66 1.99 

STORM 5 -MAY 28-30, 1906 

ENTIRE STORM 

46 01'N 11804'W 

DURATION (HR) 

" " 30 

533 "' 7.15 

5.33 "6 7.15 

5.33 6.16 7.15 

5.30 6.14 7.13 

4.89 5.75 6.76 

4.27 5.13 6.13 

3.57 4.36 5.33 

2.73 3.34 4.30 

2.17 2.54 3 ... 

1.69 2.06 2.44 

1.40 1.72 2.05 

STORM 12 ·NOV 17-19,1909 

ENTIRE STORM 

48 12'N 115 41 'W 

DURATION (HR) 

" 30 

3.05 3.87 4.19 

3.05 3.87 4.19 

"' 3.74 4.06 

2.78 3.53 3.83 

250 3.17 3.44 

2.16 2.74 3.01 

1.92 2.44 2.72 

1.68 2.13 2.43 

"' 1.68 1.99 

1.06 '32 1.55 

0.83 1 .OS 1.20 

STORM .29. JUNE 19·22, 1916 

ENTIRE STORM 

47 41'N 11243'W 

DURATION (HR) 

30 36 42 

"3 8.31 8.66 

"3 8.31 8.86 

760 6.18 8.74 

7.48 7 85 8.45 

6.85 7.24 7.88 

6.14 655 "' 
5.13 5.51 6.13 

3.67 3.99 4.46 

2.81 305 3.40 

2.21 242 2.64 
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36 42 " 8 . .26 8.71 9 . .29 

8.26 8.71 9 . .29 

8.26 8.71 9.29 

8.23 8.68 9.27 

7.86 8.33 8.95 

723 7.68 8.29 

6.37 6.80 7.39 

5.25 5.69 6.22 

3.71 4.10 4.44 

2.76 3.13 3.34 

2.29 2.56 2.71 

36 " 4.79 5.57 6.34 

4.79 5.57 6.34 

4.64 5.39 6.14 

4.38 506 5.79 

3.95 4.60 5.23 

3.51 "' 4.63 

3.22 3.73 4.22 

2.92 3.39 3.82 

2.38 2.78 3.14 

1.84 2.19 2.49 

1.42 '" 1.96 

" 60 66 

9.14 9.25 9.27 9.27 9.27 

"' "5 9.27 9.27 9.27 

9.03 9.14 9.16 9.16 9.16 

8.76 8.87 8.89 8.89 8.89 

8.22 8.33 635 8.36 8.36 

7.55 7.67 769 770 7.70 

6.47 6.59 6.62 6.64 6.65 

4.83 5.03 5.08 5.16 5.18 

3.77 4.01 4.06 4.15 4.18 

2.97 3.20 3.24 "' 3.34 



AREA 
(SQ. MI.) 

0 

" 50 

"' 200 

500 

2000 
5000 

5444 

AREA 
(SO. MI.) 

0 

" 50 

,00 

200 
500 

1000 

2000 

5000 

10000 

20000 

33167 

AREA 
(SO. MI.) 

2 

" 50 
,00 

200 

500 
1 ODD 

2000 

5000 

8374 

6 

1.46 6.41 

1.46 6.41 

1.41 6.21 
1.37 6.02 
1.29 5.66 

1.11 4.87 

0.97 4.27 

0.78 3.42 

0.53 2.34 
0.40 1.76 
0.30 1.23 

0.24 0.98 

6 

1.07 4.00 

'" 4.00 

0.92 3.51 
0.84 3.22 

0.76 2.93 

0.64 2.56 

0.56 2.30 

0.48 2.03 

0.38 1.60 

0.30 1.36 

" 18 24 

7.58 8.45 10.66 

7.56 6.45 10.66 

7.34 8.18 10.32 

7.11 7.93 10.01 

6.71 7.52 9.54 

5.88 6.74 8.76 

5.26 6.16 8.17 

4.29 5.06 6.82 

3.11 3.99 4.82 

2.57 "6 4.22 

2.14 2.99 3.74 

1.84 2.72 3.38 

24 

5.75 7.73 8.13 

5.72 7.59 "' 5.16 6.93 7.29 

4.80 6.45 6.79 

'" 6.06 6.37 

'" 5.56 5.85 

3.89 5.20 5.47 

3.47 "' 4.94 

2.69 "' 4.08 

2.26 2.87 359 

STORM32-DEC16-19, 1917 

WESTERN OREGON CENTER 

44 55'N 123 46'W 

DURATION (HR) 

STORM 32. DEC 16·19, 1917 

ENTIRE STORM 

44 55'N 123 46'W 

DURATION (HR) 

30 36 " 11.95 13,55 13.84 

11.95 13.55 13.84 

11.69 13.11 13.47 

11.09 12.71 12.99 

10.21 12.14 12.45 

9.38 11.19 11.67 

8.84 10.47 11.09 

7.50 8.81 9.40 

5.76 6.35 7.04 

4.99 5.52 6.17 

4.29 4.85 5.41 

3.81 4.35 4.73 

STORM 32- DEC 16-19, 1917 

CASCADES CENTER 

45 29'N 121 52'W 

DURATION (HR) 

30 

9.34 9.86 '" 9.17 9.68 9.68 

8.37 6.64 8.84 

"' 8.23 8.23 

7.32 '" 7.82 

6.74 '" 7.26 

6.36 6.71 6.89 

5.78 6.14 6.34 

4.79 5.17 5.78 

4.23 4.62 5.48 

261 

46 66 72 

15.32 15.49 17.41 17.43 17.43 

15.32 15.49 17.41 17.43 17.43 

15.11 15.33 17.16 17.22 17.23 

14.58 14.89 16.53 16.67 16.70 

13.57 13.92 15.38 15.57 15.60 

12.47 13.10 14.24 14.38 14.42 

11 73 12.61 13.50 13.60 13.65 

10.29 11.11 12.09 12.19 12.24 

8.18 8.70 9.71 9.79 9.83 

7.19 7.64 8.47 "6 "' "' 6.73 7.39 7.53 7.59 

"' 5'5 6.32 6.44 650 

66 

10.70 11.76 12.48 12.93 13.08 

10.51 11.56 12.25 12.68 12.82 

10.21 11.36 12.02 12.45 12.57 

9.97 11.08 11.73 12 14 12.25 

9.52 10.57 11.20 11.58 11 70 

8.82 9.77 10:35 10.70 10.79 

830 9.18 9.70 10.01 10.08 

"' 8.44 8.98 9.28 9.35 

662 7.39 7.91 8.16 8.24 

6.43 666 '" "' no 




